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(54) NOVEL ENZYME HAVING N-METHYLVALINE OXIDASE 

(57)Abstract: 

PURPOSE: To obtain a novel N-methylvaline oxidase which is useful in 
determination of N-methylvaline. 

CONSTITUTION: This oxidase acts on N-methylvaline in the presence of 
water and oxygen to form valine, formaldehyde and hydrogen peroxide 
where the substrate specificity is 100% for N-methylvaline and less than 1% 
for sarcosine, the optimal pH is 7-9, the optimal temperature is 40 to 50°C, 
and the molecular weight is 43kd. The enzyme is obtained by substituting 
another amino acid (preferably valine) for phenylalanine at No. 103 in the 
amino acid sequence of a gene given in the formula of the protein having 
the sarcosine oxidase activity. 
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(54) [£(A««*] N->t^;V/ty>^*V^-t'«fttWr^»m*l»* 



(57) 

IBM N-^^oj>«wtKHiB'C**N--rff- 
[fitt] tfiS14«:irr&»^? 




1 

[tt*ff 1 ] *feJ:t?W««>ff^T-CN->^^<y 
>fcfW|l/C. My>, tfA^A^b Ffc £tfw$IL 
^Ci ft$#£? * N - > * AM ij 

(ON - -rf * AM 'J fef«tt«:W^**f»«t» 

ffS i *fc JOWKfciWrcN - > f am y >£ffW 
i/t. mij>. *AA7A^b Ffc«tt«MMt**ft!fe io 

gBftsfl ; N - -rf * AM \) > l 0 0 % 
£\% 

S^pH : 7-9 
£iS3l£: 4 0-5 Ot; 
^F-S: 43Kd 

[ mm 3 ] ens - bw*i- i k ssr $ n* r $ ✓ 

W2 WOST 1 0 3 £BG>? * - a r 7 ~ >^m y > CCS 
»SnfeCtt«*iT*ll*Wll2««)N-^^AM 

y > v <feH»ft*T*«»& Ifift. 20 

[1**14 ] !PAaV>**vy-*?ittMrr** 
tt©7 * ✓■KBIW&C £ftft&£?£ N - > ?AM 

[1**15 ] em • mm* \ zumsn&r % ✓ 

W3W[>Sri 0 3*Bti>7 *rA7*i>*a- FT* 
K***WIM^3«e±fc**). *©7$«/ 
g& 1/ T . N - * *■ am y > * * f tfiStt ft W 
«B»ftWBr*c4tl«4r*wof4(cia«is 

JvSN-^AMy >**^y--tfSttft1rt'*l«IMt 30 

[ s*f 6 ] ftor^/ Bfc*> < 'J >-c* & C £ ft&ffc 
t "T * MMt* 4 * fc I * 5 §2$G> N - * f A m y > * * V 

* r -*aftft«r*«*a»«««ifiao 

[8*^7] fei**<ON->^AM«i>K t *i*Jfctf 

■»©s arpc N - ->f am y > icws i/ r , m y > t 

*H>A7Arb F*$J:t»Wt**fta£Jirr6N-^ * 
am •> jr— tfattftW^*«»tt*«ftflF»S 

1*. swr^wR^fcitttiw-^v^, - *aa7a?- 
b h*6i*j«Kft*«fta«*cift»ttir&N 40 
->*AMy>©*jHfc 

[0 0 0 1 ] 

^--«sttfter&*f»a»*» *©*stsfci:a'*© 

m&KR 1/ % A 3 ^ > * 4 v -fe'&tift £ 

o»6nfeN - > * amij >*+s/*-*fflttftii*'4 

[0 00 2] 50 




17097 6 

2 

[ffi*0ttff] N-^*AMy xcffffiurjAHfblcX 
[ 0 0 0 3 ] 

[ & L «*: t r * HE ] w* N - * ? A m 

u i><ommicmmv<ht>u-j * am l» e 

ft*^A I < i ^S<#iiU*Cl*fcAC6, ^A3f>* 

* ^ ^attft wr ^> * > ^Rftaax^w*ft«: 

[00 04] 

cwRoff art? N - y f A/ < y ><c ftjfl or. mm 

ft^i"r^N->^AMiJ>^-+^^-b'?S14?:W"r 

[ 0 0 0 5 ] *fc*»Btt1fAaS/>**S/* r -«att 
ftWT&* >M^Hft#S£T*7 5 /i^ffi!?to7 x^A 
r^iVftifec^^^efcBftf &Cift4$ftiT&N 
- > f A m y > t + N > ^- *r?slt ft **r»tc P*o 

$n*7S 1 0 3#@C-7^^A7-7^> 

ft 3 - Ff ft ttiiHIWMtJI ^ 1i * C i K J: 

o. ftx»Tkswc.E&bi:* N->^AMy>^+*>- 

y-^SilftWr^^ftsSjS^-SCiftft&i'r&o 

[ 0 0 0 6 ] 5 6K*&Wf*ft#*©N - >' ^AM y > 
*fe J: t>'KS^i??5T 4 CN - >' ? AM y >^f^ l, 
rMV>, *AA7Af r t FfeJ:CXiHllrtt*3gft*flW 
& N - >' am ij > + u 9- ft 
Sftff^$i*. flW^^RSRSfcli^fiW&MiJx 
A A7 Ar b FMt*!»mUcSft«C?*C 6ft^ 
StiT^N - > ^am y >©€att , c*& 0 

[ 0 0 0 7 ] OTW©ff STCN - ^ * AM y > 

ocf$ffior, My>, *AA7A^t FWtxawt* 
4«r ^ n - A/' < y > * + att ^ 

**5«fl««©*ft«<kUT^ TSSifMtWttRft 

•CN->^AM^>tc^ur, My>, ^AA7Ar 

b F^K/jUNUcXft^O^^. 

ag^afii ; N - f AM ij > i o 0 % 

?>v*u> $\% 

SSpH ; 7-9 

SSSSt: 4 0-5 OX; 

^£:43Kd 

[ o o o a ] 5 6tc»#w«t«i o*ci*, 7 ^ m&w 
imnw*. ■ \ tcia^$n^7 * swbmm \ 

0 3 &mo>7 x ^ A 7 v ~ >^M y >Kgfe$ftfcN - 
>^ A m y > ^ t 4T— fe'f*«ift WT ^**l^t ^ > f *i> 




(3) 

3 

[ 0 0 0 9 J *^4>tta&WRIi. =2 t*^ 

[ o o i o ] *wuc*Bsn*W3t/>**t/y- 

■ . 7 - X D j < & $ A 2 N >> 5/ y- Hz ft ir 

It. 7-aP;<^"- - x*e-TE 1 8 2 6©U%a 
> »7|*^ > >y-T2f (Jounal of Fermentation and Bioen 10 
gineenng Vol .75 No,4 pp239-244 <1S93)KS^> 4J!| 

[0 0 1 1 ] 1f*a50'**V*-*J»*Wt , **> 

> a yn€>«aa**wr * d n A©w*©*»*sa» 

[ 0 0 12] DNA*0*8*^TS*#flfc#ft± 
l/Ci*, «^t*rpSC[>* ^ h {TransforWlN 1 Cknet 
ech 15, , T7-CEN in */ixrv> mutagenesis kix ; STraiaqe 

[ o 013] wttjccitt-ra* >^»**4-r*n 
nMatttDNAftft*?*. sf»tifefte»DNA 

J: 0 DNA *i£$£T£o l>fc D N Attx V 
*<Jb7- a«J-<i!)a>tf^>h-b*Wl*rBJWafc 30 

$ ftfcaft* D N A £ A * 'J - i > y-T&o *i »"CWA 
DNAKK-*tt*<^^^*KJ:*JttKbt:ft©^X 
* FW^-i>^. WADNAKMrWT*:/ 

OLtNASE VERS!GN2,0 7-<teaza-d CTP MiCkMMH) 

[0 0 14] ^T^JiXA^-^fca^KT*** 

I-*? K45J:^TransfonqerTO(Clon«ech It) 40 
TransfonperTM d h 3 - JHCttV * . 7 * ~ ^ 77- 
>SfcS*HfeOT 2 0 < tt>< U XCfiiftSnfc 

®& * > m * »©»b«mr * wr * d n a «rfww*. 
[ o o 1 5 ] fffiwnfctt** wt* w>»hsb*w 

yby-ay-ttiKUlAt^Kti, pBluescr 

ipt f prairtrirjWWT 1 **. 

[o oi6] KBe«4*&i/rifc pukxs/* 'jtr so 
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4 

W3110. i s >x 'J 1 7 • 2 'J -C500, Xi'x y 

b7« su-juw, xs.'*yb7* ^'J-chs av£ 

[ 0 0 1 7 ] C 1 UTnbt\tc®W£to»?*>Z9&fo 
It. *^»*WSn*C±JCJ:D. 

*> # . jmm ktmmm%%Mj $ www**, 
^^t--^. 7^h-A, m, e 

W£ititfbV$>t\\ZJ:<. fHX.lt** by, ^x=^a, 

>. Stt&^-cowi. ^tEC-r^^i^. «^>tf$u> 
[ o o 1 8 ] ttwiftitt#ft*i<. 3«y >^«* 

J:<. ]i*tt6^4iKBSA-c*& ttHpiflta*Wt 
U»X ^ > ^ ^ B ***T TMStE Off 

[ o 019] *g«ft*G>a«* >^y»*4*r*d# 
9 jrewffiR* aftMii* <t * o fcft cm 3 n 

[ 0 0 2 0] CC«fCl/Cff ^nfcKa!^ >^^KtW 
^WS^SS^WflMittK^WC*** 




(4) 

5 

>?p-n 9=>? ttMsnfcN 

[002 1 ] *«©N-**A'><»J>**t'*-" te'ji 

* ^ -fe'tc^kfej: OT»©!¥iSTCf , P« or. ; < y 
>. #AA7**H: F*$J:c«lKffc*#44.«3^*. 

1 0 0 2 2] «^*B»cc«l«tt6 LT It BUMS 

b'£4-7 * /7>*tf 'J>£7 
*f** fcl*7^ l> >Sf«i*«:iJWT'5*Sttir**4o 
7*/~MHH*±l/Ctt. 7*./-*, 2, 4-t>* 
dp?*/-*, p - 0OP7 
*. 7-y>P**±l/C* W^*T-M>. S>X 
**7~y>. N-x**-N- (2-bFU*f-3 

[0 02 3] 

[XtttM]«T. *»«»«CJ:0JMWBW* 30 
iftK^HK (N-^^^'<L>>5fei*1f^2V>) , 0. 

47|*l4-7$/7>*tf'J>, Z.Mfl 0,04 
»M/ h >X - 1 0 0 . 4.5U/n1 +*fr***s?—V$V 

£**„ 

[ 0 024] tarn 1 n y >=t*^ 40 
<»j&gra&*:*t*f * d n A©w« 

If ^ 3 • / > * * ^ & *Efc *#7 

?z* F, pSAC£P3 I^TO^ccAOffiAt/fc. 7- 
^^-•i/b-TE 1 828 (ItlMM 1 
0637# > (Dft Bf* D N A «: W**C3# U fc. WlM& 
£100*1 02xYT&% U.otf'J't:/' I- >, osWfix 

+*. 0.5*fe<fc7 t >J 9A<pH7.2) ?3/C-«MttB 

ft. &b9ft(80QO n» f l») KJ:05l®<./fc, 15*M* 
X>|W t 'J * A, 0.15N*fW" b 'J 9 A«r^«jS« 

f-aft^ftffbfcft, zoKf:*- mwEDT 50 




'tOTT-l 7 0 976 
5 

# C. 30&B3£*gUfc o &C^C!Ui>K0 135 9 0P-f 

tttlQaAliL 55.O0Orpm, 2CB9R€«B& 

^CDNA*0iJti/fe, »*OfcDNAtt, lflWMJ* 
tt»(pH8.0) . lnW EDTA*^/dSS(TEVCiS#f 
I/. ffltl/fcDNAWpit/fco x^*"Jb7-ay- 
M09 3>a > f^> t* -fe*i*HarKtan ©*ftJC«fc OflftS 

[ 0 0 2 5 ] IftfittD N A in q &MHB% Sau3Al 

iiU/cft, Sail (*j¥«W) vmbicpVC 1 8 0.5 
iiq £MX.Lofws&06KKFILLING S ( Bio techniques 
Vbl 12 ( » .2(1992» tC^V T4- DNAU 
(MOli^^h'ClfiTC. lSm&5&Z1i> DNA** 
i^U^o *Hl/fcDNA6l:xl/*«Jt7- =2 U - 3M109 

^t#6nfco f^enfe a p ^-t^50ju q,^ir > y 

V. 0.58rt^A3t'>, 0,005^^7 P- ^7- y>^O'0, 
02S?iVr * FD^*>^,'U7 r ^ h7vD L^ii 

W^7», o.ssiJ^x+x. o.sttfbi-hU^ 

a > * * 1/ ^(i^cC'A -jfc«WDNA«A^ 
i r oooi®©aD^-«;^fe 

^15^^7*7 ^ $ FKH*«8.7kbp©W AD N AKJi# 
C077^S F&pSAOl tUc -X 
C j *CpSAO 1 cfc 0 WA D N A 1 0»H^cc 

JiDWlTpUC 1 8 W^D-i>^. »i.7k 
bpCQWAD N AK^WT^ p S A O E P 3 tfffc. 
[0 02 6] pSAOEP3C[>«i.7i*p««ADNAK 

VER5ICN2.0 7-oeaza-dCTP kit (^L2?^) ^^<<»T, 
DNASW©«*ftff * S2?«J#^2 ) o & 

^ i KnU/fc. vxc^r, pnMnft§39t y 2? 

FiTransforrorTM (ClonetechM) Tr 
! B«ft>3 I 0 3#B<07 *^,»U7^>*WiJ >tcg 

tt3nfc«sE»>Mi?R <f 1 0 3 V) 4>£eHte&w 

f*DNA*ff*l/fc 0 F 1 0 3VC^«ll8 : &^"r6 
DNA^mSf^ffla^f*^^^ F*, P5A0EP3-F103 

v<t**bfc. (HI MB) 

[ 0 027] mm 2 mm&tovm 

77^* F, PSACEP3-F103V t?A«/x L»b7 - a 
i09CC'a>^>h-bJl^7k4«3 0^r«*ftsft. 4 2 # C 



?4 5fHflb- h^>s v?t:'l7*>CkK:£*)&Wlfm 

[ o 0 2 8] mm 3 t w » m 

*ffc+ h 'J 0 A(pH7.2))5Gnlft 500ml? 7 Xattflft 

rffc 37T;Tirtffl«ft«* o fcKMBMt (mucosa 10 
«t,fc. «*KA««SE»w?^R <F 1 0 3V) ft, 



(5) tf«¥7- 170 97 6 

* * fcC&lCJ:*) (Journal of Ferama 

non and Bioenqmeennq Vol, 75 Wo. 4 pp239-244 (199 

K®£?ati4 3 K <t , l*pHli7-9, SiS^Jgti 

[0 02 9] «B3nfca**>><*B ( F ! 0 3 V > 
t7-*W*~ - xatf-TE 1 8 2 607*3*' 
©Km. k c a tHStt 

ftHl CCTnl/fc. 
[ 0 0 3 0 ] 
[Hi] 



MiF. 



F103V 



Km(mM) UaftT 1 ) Km/kcat Km(raM) ke*(s" ! > Km/kcai 



3.6 



T4 



3,9 



120 



53 



0,044 



H-*9-Ar*VJ> 110 



7.9 0,072 



K2 5.5 4.6 



[003 1 ] a**»**J| <F 1 03V) C^ttli, * 5 Tfrfcfc. »jt^>^« (F 1 03 



N - * k> < V > * * f -tf iS*t ft 1W * c i -C* 
B»^^14ft**»«r**kca t/KmftA 

#U < F 10 3V) ttN-***><y 



V) ttN-^f^fJ fef£ti*wr*VM 

[ 0 0 3 2] XttffM N 'J 

tan n - > f a > < y > ®ac 

*W*4hj»N -> **><y >zffi£ft, TI2K*ftfflt,*t:T 



MJa»« (pH8. 0) 
F 1 0 3 V* tc\t&*at/>** i> 
4-r *-/7>*tf »J> 
^/-^ 

[0 03 3] flffiK#tt 

N-> «J >*fflR2 fflM ( 1 0 0 raM I* 'J 
?K < p H 8 . o ) tctrSP»> <» 1 OJBH»**ftKfc*± 
I/. &i00p lftfeHRl/. cncc±ie!^3m lftttl 49 
*/C 3 0 VV 3 ^SSJ^5 iff , 5 0 0 n m icfctf 
*«ft*«>fc. ftfc, 7*>*WN-.***My>S» 
*»^l^^lWc. BlKftfttiMNW 
«ttft*l/fc, Bl J: Whi*U X *JW©N- 
^ * / < "J > ah * v y—feffgftftWt' 4 WSfflR ft 8 I * 
£ C i K J: *J . £«H (CEHfr-TmUE N - >' * < »J 

> ft wtr & c &3»r * * . if a a f > * * y — t 

[ 0 0 3 4] 50 



5 0mM 
0 . 1 m sr /m ! 

0. 4 2roM 

1. 8mM 

4. 7U/mi 

■tf«StttW«'**>M^j|ftMi*(»ttftffl( f »'C« 

?s: u . N--K^*^y>**^ y-*«ttft wi* *ar*i 

,«U;<y fefjittft1W&lsa»*tt. WW 

©N * V< 'J >ja«[>»J««:ttJB1"*C i^C^-So 
[ 0 0 3 5 ] 

EW©S3 : 3 89 



(6) 1 7097 6 

9 10 
: r-^D^H- •xxe-(ArthTObacter S *t*€ ■ TE I 8 26 
p,> * 
B29J 

itet Ser He Lys Lys .Asp Tyr Asp Val lie Val Val Cly Ala Gly 5er 

15 10 15 

Met Glv Met Ala Ala Gly Tyr Tyr Leu Ser Lys Gin Civ Val Lys Thr 

20 25 30 

Leu Leu Val Asp Ser Phe His Pro Pro His Thr Asn Civ Ser His His 

35 40 45 

Cly Asp Thr Arq lie He Arg His Ala Tyr Civ Glu Civ Arq Clu Tvr 

50 55 60 

Val Pro Phe Ala Leu .Arq Ala Cln Glu Leu Trp Tyr Clu Leu Clu Lys 
65 70 75 80 

Clu Thr His His Lvs He Fhe Thr Lys Thr Cly Val Leu Val Phe Cly 

85 90 95 

Pro Lys Cly Glu Ala Pro Fhe Val Ala Clu Thr Met Clu Ala Ala Lvs 

100 105 110 

Clu His Ser Leu Asp Val Asp Leu Leu Clu Cly Ser Clu He Asn Lvs 

115 120 125 

Arq Trp Pro Gly Val Thr Val Pro Glu Asn Tyr Asn Ala He Phe Clu 

130 135 140 

Lys Asn Ser Gly Val Leu Phe Ser Glu Asn Cys He Arg Ala Tyr Arq 
145 150 155 160 

Clu Leu Ala Glu Ala .Asn Gly Ala Lvs Val Leu Thr Tyr Thr Pro Val 

155 170 175 

Clu Asp Phe Glu lie Ala Glu Asp Phe Val Lvs He Cln Thr Ala Tyr 

180 185 190 

Cly Ser Phe Thr Ala Ser Lys Leu He Val Ser Met Cly Ala Trp .Asn 

195 200 205 

Ser Lys Leu Leu Ser Lys Leu Asn He Clu He Pro Leu Gin Pro Tyr 

210 215 220 

Arq Gin Val Val Cly Phe Phe Clu Cys Asp Clu Lys Lys Tyr Ser .Asn 
225 230 235 240 

Thr His Civ Tyr Pro Ala Phe Mat Val Clu Val Pro Thr Gly lie Tyr 

245 250 255 

Tyr Gly Phe Pro Ser Fhe Gly Cly Cys Cly Leu Lys He Gly Tyr His 

260 265 270 

Thr Tyr Cly Gin Lys He Asp Pro Asp Thr He Asn Arg Glu Phe Cly 

275 280 285 

He Tyr Pro Glu Asp Clu Gly Asn He Arg Lys Phe Leu Glu Thr Tyr 

2S0 295 3C0 

fctet Pro Cly Ala Thr Cly Glu Leu Lys Ser Cly Ala Val Cys Met Tyr 
305 310 315 320 

Thr Lvs Thr Pro Asp Clu His Phe Val He .Asp Leu His Pro Cln Phe 

32 5 330 3 35 

Ser Asn Val Ala lie Ala Ala Cly Phe Ser Cly His Cly Phe Lys Phe 

340 345 350 

Ser Ser Val Val Civ Clu Thr Leu Ser Cln Leu Ala Val Thr Civ Lvs 

355 360 365 

Thr Glu His Asp lie Ser He Phe Ser He .Asn Arq Pro Ala Leu Lvs 
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11 

370 

On Lys Clu Thr He 
385 

[0036] EflhW: 2 
EWcMS : 1 67 0 



375 



380 



SSfyMM 



p.) 



genomicDNA 

j ; 7~-*o;n'££- • iAb*-(Arthrcbacter s 
TE1826 



ttSteStfaf : - 1 0 s i p n a 1 
ffSfcS: 237. . 24 2 

1«**rS»:CDS 
££(*5: 2 9 8- . 14 64 
10 (»*fc*Wte#ft: P 

M£k?£-J| -.mat peptide 
ff&ttS : 3 0 1 - - 14 6 4 

M«*^C4 ■ - 3 5 s i en a 1 a - 

£3|£g: 1 14. . 1 1 9 * 

mi 

ctocacttct TcaocAccr tttgaatcct c*gcgtaaca taacattcaa gataatttaa eo 

ACTTTTCGCX KCTTTGAAA CGCTGCCATA TTCAACT.A£C TTTTGAAAAA TCTGCAAATC 120 
TTTAATTTCC AAGT.ATAATC ACTGOCAAAA COTTCTTTTA CTACTAOCAC TAGAATATTT 150 
CJAAAAJCTCA TAOCTCCTAT CACTTTTAAC CATTTTAGAT GATGKCAAT .ACOOCCTATG 240 
ATGTAAATAG ATAATTAACA AAATTCAAAT TAOCTGTTTG AAAAAGGAGA OCAAACA 297 
ATG ACT ATT AAA AAA CAT TAT CAT GTA ATT CTG GTT GGC OCT OCT TO 345 
fctet Ser lie Lys Lvs .Asp Tyr Asp Val He Val Val Gly Ala Glv Ser 

15 10 15 

ATG OCA ATC OCA CCT OK TAO TAT CTG TCT .AAA CAA GGT GTT .AAA ACA 393 
fctet Gly Mat Ala Ala Civ Tyr Tyr Leu Ser Lys Gin Civ Val Lvs Thr 

20 25 30 

CTA TTC CTA GAT TCA TTT CAT CCT CCC CAT .ACA AAT CGC ACC CAT CAT 441 
Leu Leu Val Asp Ser Phe His Pro Pro Mis Thr Asn Civ Ser His His 

35 40 45 

OK GAT .ACA CCG ATC ATT CCT CAC OCA TAT OK GAA CGA ACA GAG TAT 489 
Civ Asp Thr Arg lie He Arq His Ala Tyr Civ Glu Civ Arq Clu Tyr 

50 55 60 

CTA CCC TTT GCC TTC .ACA GCA CAA GAG TTA TCC TAT CAA TTA CAA AAG 537 
Val Pro Phe Ala Leu .Arq Ala Cln Glu Leu Trp Tyr Clu Leu Clu Lys 
65 70 75 80 

GAG ACT CAT CAT .AAA ATA TTT .ACA AAA .ACA OCT GTA CTC GTT TTT OCT 535 
Clu Thr His His Lvs lie Phe Thr Lys Thr Civ Val Leu Val Phe Civ 

85 , 90 95 

OCT AAA CGA GAA CCT OCT TTC CTT GCC CAA .ACA ATC CAA GCC CCA .AAG 633 
Pro Lvs Civ Glu Ala Pro Phe Val Ala Clu Thr to Clu Ala Ala Lvs 

100 105 110 

CAA CAT TCA TTA CAT CTT GAT TTA CTA CAA OCA ACT CAA ATA .AAT .AAG 681 
Clu His Ser Leu Asp Val Asp Leu Leu Clu Civ Ser Clu He .Asn Lys 

115 120 125 

OCT TOG CCA GGT CTA ACG GTT CCT GAG .AAT TAT AAT OCT ATT TTT CAA 729 
.Arc Trp Pro Glv Val Thr Val Pro Glu Asn Tyr Asn Ala He Phe Clu 

130 135 140 

.AAA AAT TCT GOT CTC TTA TTT AGT GAA .AAT TCT ATT COC OCT TAC OCT 777 
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(3) WW? - 170976 

13 M 
Lys Asn Ser Gly Val leu Phe Ser Glu Asn Cys He Arq Ala Tvr Arq 
145 150 155 160 

GAA TTC CCG GAA OCA AAT GGT CCC AAA GTT CTA ACC TAC ACA CCC CR 825 
Clu Leu Ala Glu Ala .Asn Gly Ala Lys Val Leu Thr Tyr Thr Pro Val 

165 170 1?5 

CAA GAT TTC GAG ATT CCC GAG CAC TTC GTC .AAA ATC CAA ACC CCC TAT 873 
Clu Asp Phe Glu He Ala Glu Asp Phe Val Lys He Gin Thr Ala Tyr 

180 185 190 

CCC TCC TTT ACA CCC ACT AAA TTA ATT GTT ACC ATC GGC GCT TGC .AAT 921 
Ov Ser Phe Thr Ala Ser Lys Leu He Val Ser fee Cly Ala Trp .Asn 

195 200 205 

.ACC AAA CTC CTA TCA AAA TTA .AAT ATT CAA ATC CCA TTC CAG CCA TAC 959 
Ser Lys Leu Leu Ser Lys Leu Asn !le Clu He Pro Leu Gin Pro Tyr 

210 215 220 

CCT CAA GTT GTC CGA TTC TTC CAA TCT CAT GAA AAA .AAA TAT ACC .AAT 1017 
.Arq Gin Val Val Cly Phe Phe Glu Cys Asp Clu Lys Lys Tyr Ser .Asn 
225 230 235 240 

.ACA CAT GGT TAT CCC GOG TTC ATG GTC CAA GTC CCA .ACT GGC ATC TAT 1065 
Thr His Cly Tyr Pro Ala Phe Hec Val Clu Val Pro Thr Gly He Tyr 

245 250 255 

TAC GGA TTT CCA AGC TTC GGC GGC TGC GGC TTG AAA ATA OCC TAT CAT 1113 
Tyr Gly Phe Pro Ser Phe Gly Gly Cys Gly Leu Lys He Gly Tyr ttis 

260 265 270 

ACC TAT GGT CAA .AAA ATC GAT CCA GAT ACC ATT AAT CGT GAA TTT OCT 1161 
Thr Tyr Cly Gin Lys He Asp Pro Asp Thr He Asn Arq Glu Phe tfy 

275 250 285 

ATT TAC OCC GAG GAT GAA GGC .AAT ATT CGC .AAA TTC CTC GAA .ACA TAT 1209 
lie Tyr Pro Glu Asp Clu Gly Asn He Arq Lys Phe Leu Glu Thr Tyr 

290 295 3G0 

ATG CCC GGA GCA .ACC OCC GAA TTA AAA .ACT GOG GCA GTT TGC ATC TAC 1257 
Met Pro Gly Ala Thr Cly Glu Leu Lys Ser Cly Ala Val Cys He< Tyr 
305 310 315 320 

.ACA AAA .ACA CCT GAT GAG CAT TTC GTG ATT GAT TTA CAT CCT CAA TTC 1305 
Thr Lys Thr Pro Asp Clu His Phe Val He .Asp Leu His Pro Gin Phe 

325 330 335 

TOG AAT GTC GCG ATT GCA GGC GGA TTC TCC OCA CAT GGG TTT .AAA TTC 1353 

Ser Asn Val Ala He Ala Ala Gly Phe Ser Cly His Gly Fhe Lys Phe £Tl 
340 345 350 53 

TCA AGO GTA GTT GGT C\A ACA TTA ACT CAA TTA GCT CTA ACC GGT .AAA 1401 
Ser ser Val val Gly Clu Thr Leu Ser Gin Leu Ala Val Thr cly Lys 

355 360 355 ^ 

.ACA GAA CAC GAT ATT TCC ATC TTT TCA ATC .AAT COC CCT GCT TTA .AAA 1449 

Thr Glu His Asp He Ser He Phe Ser He .Asn Arq Pro Ala Leu Lys F*" 
370 375 380 J* 

CAA AAA GAA ACG ATT TAAAAACGCA .AGCAACCCGT ACATAAATTT CGATAGATAT 1504 52 



Cln Lys Clu Thr He 

385 

WCTACGCC TT.ACTTT.ATT T.ACAACTT.AA AAATCTGCAT ATCAAJCCTG TCCCTCTACT 1564 \ J 

GATTGAAGCA CAAACTGTAC TTGAACGGCT TTTTTATTAA CTTGTAACGA WCAGGAAC 1624 £^ 
OCTAAAATAA CAAGACCGCT GCATAAGAAT .AGTACCGGAG GAATTC 1670 *Q 
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ccrcc taaag gacaa cctcc tctcc ttooc caaac aatc 39 
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